The effect of lumbar extradural analgmig on intervillous blood flow (IBF) during labour was studied in 26 healthy parturients using an i. v. bolus injection of xenon-133. There was a 19% decrease (n.s.) in mean IBF in six parturients (non-extradural control group). Mean IBF increased by 37.5% when 0.25% bupivacaine 10 ml was used and by 35.2% when 2% 2-chloroprocaine 10 ml was used (n.».). When the two extradural groups were combined, the mean difference between IBFi and IBF2 was 45+ 112mlmin"' dl" 1 . This increase is statistically significant (P< 0.05). The improvement in IBF after extradural block was considered to be a result of the decreased uterine vascular resistance, as no significant changes were observed in arterial pressure, utenne activity or uterine tone.
Sufficient placental blood flow during labour is of primary importance for the well-being of the fetus. Although animal studies (Greiss, 1973) suggested a considerable reserve capacity of placental blood flow in a healthy fetus, an obstetric analgesic technique in clinical use should not reduce the intervillous blood flow (IBF).
Segmental extradural block using a small dose of bupivacaine (4 ml or 20 mg) during the first stage of labour increased the IBF slightly, but this was not statistically significant . However, knowledge of the effects on IBF of the clinically more popular lumbar extradural technique (8-10 ml of local anaesthetic) is lacking.
In current obstetric practice, bupivacaine and 2-chloroprocaine are the local analgesic drugs which offer safe and effective pain relief with virtually no neonatal side-effects (Finster and Pedersen, 1979) . Joyce, Aquino and Kuchling (1976) demonstrated, in in vitro studies using gravid human uterine artery strips, that bupivacaine administered in clinical concentrations had a slight vasoconstrictive effect, whereas chloroprocaine produced vasodilatation. Fishburne, Hopkinson and Greiss (1977) showed in conscious pregnant sheep that bupivacaine infused i.a. decreased uterine blood flow (UBF) more than did 2-chloroprocaine. The decrease in UBF was a result of an increase in myometrial tone.
This study was performed to find out if the more extensive sympathetic block produced by the commonly used standard lumbar extradural technique changes IBF more than the low-dose segmental extradural analgesia, and if bupivacaine and 2-chloroprocaine differ in their effects on IBF when used for pain relief during the first stage of labour.
PATIENTS AND METHODS
Twenty-six healthy patients were studied (table I) ; induction of labour between the 38th and 42nd weeks of pregnancy was planned and each had requested extradural analgesia. The indication for induction of labour was either a slightly post-term duration of the pregnancy or cervical maturation at term. Informed consent to the procedure was obtained from each patient and the study was approved by the Oulu University Ethics Committee. There were no signs of uteroplacental insufficiency. An anteriorly located placenta had been previously verified by an ultrasonic B-scan and its position marked on the abdominal skin with the mother lying in a 15°l eft lateral tilted position. All labours were induced by amniotomy or oxytocin infusion, or both. Each patient had been receiving oxytocin for at least 45min before the first IBF measurement. At the time of commencement of extradural analgesia, the average cervical dilatation was 3.0 cm and the patients had regular painful contractions. 
Analgesia
Lumbar extradural analgesia was provided for pain relief immediately after the first IBF measurement. The first 10 mothers (group A) received 0.25% bupivacaine 10ml (3 ml test dose and 7 ml after 5 min) through an extradural catheter inserted at the L2-3 interspace. Another 10 patients (group B) received 2% 2-chloroprocaine 10 ml (3 ml test dose). Six patients who received extradural analgesia after the second measurement of IBF were considered as a "non-extradural" control group (C). The mothers remained lying in a 15° left lateral position throughout the study period. They received Ringer lactate 500 ml within 30 min of the commencement of extradural analgesia (groups A and B). Group C patients received Ringer lactate 500 ml between the two IBF measurements (25 min). The effect of Ringer infusion on blood viscosity was measured in group C. Blood viscosity was determined from a 1.5-ml heparinized blood sample using a micro cone-plate viscometer LVT Well-Brookfield, Brookfield Engineering Laboratories Inc., Mass., U.S.A.) operating at 30 rev min"
1 . The viscosity is expressed as cP (centipoise). Maternal arterial pressure was recorded with a standard sphygmomanometer at 5-min intervals for the first 30 min after the extradural injection. Fetal heart rate (by a scalp electrode) and uterine activity (by an intra-amniotic catheter) were monitored continuously on a cardiotocometer.
The analgesic effect of extradural block was good in all patients. The dermatome distribution of analgesia assessed immediately before the postextradural IBF measurements ranged from T9 to L3.
Intervillous blood flow measurement
The xenon-133 method used has been discussed in detail by Rekonen and others (1976) . The control IBF (IBFi) was measured immediately before the extradural injection (groups A and B). In group C, IBFi was measured immediately before starting Ringer lactate infusion. The second IBF measurement (IBF2) was made 20-25 min after the commencement of the extradural block, when there was complete pain relief and skin analgesia to pinprick was as described above (group A and B). In group C, IBF 2 was measured 2 5 min after infusion of Ringer lactate was started and 500 ml had been infused. The scintillation detector was placed over and against the central part of the placenta (crystal-to-skin distance approx. 10cm). Xenon-133 2 mCi in saline solution was rapidly injected to the antecubital vein through a two-way cannula and flushed immediately with saline 10ml. To minimize the escape of xenon-133 bolus through the lungs, each patient exhaled and then held her breath for 15 s after the injection. Part of the bolus entered the systemic circulation and reached the placenta. The washout of the radio nuclide from the intervillous blood pool was monitored continuously for 10 min using a ratemeter and a recorder. The final flow-values were calculated by fitting the two-exponential function c(r) =Ae~k i '+Be~k 2 ' to the recorded curves and then IBF = 100 xfe! (mlmin-'dl-1 ). The results were analysed statistically using paired ftest and Student's ttest. P< 0.05 was considered significant.
RESULTS
The data concerning the study population are shown in table I. The patients in group A were significantly older. The Apgar scores at 1 min were lower in group A than in groups B and C, but there was no neonatal depression in any group at any time (Apgar > 7 in all cases).
During 25 min Ringer lactate infusion blood viscosity decreased from 4.7cP±0.6 to 4.4cP±0.5 (P<0.01). Uterine activity measured in Montevideo units (M.U.) decreased after the extradural block in both groups, from 152 ±39 M.U. to 150±29 M.U. in group A and from 156 ±21 M.U. to 140 ±20 M.U. in group B. Although the quantitative decrease in the uterine activity in both groups seems clinically unimportant, the percentage de-crease in group B was statistically significant compared with the decrease in group A. If groups A and B are combined, there was a 9% decrease in uterine activity after the extradural block (154±20M.U.to 145±16M.U.) but this was not statistically significant. In group C, uterine activity was 140 ± 23 M.U. immediately before IBFi, and 135 ± 23 M.U. before IBF2 (n.s.). There was no increase in uterine tone in any patient, nor was there maternal hypotension, defined as a systolic pressure less than 100 mm Hg or a 20% decrease in arterial pressure at any time.
The individual values of IBFi, IBF 2 and the respective arterial pressures are shown in tables II, III and IV. Table V shows the mean values of IBFi and IBF2 as well as the respective systolic arterial pressure values in groups A, B, A + B and C. There was no significant change in systolic arterial pressure in any group. Mean IBF decreased in the nonextradural group by 19%(n.s.); mean IBF increased by 37.5% in group A during extradural analgesia and by 35% in group B ( fig. 1 ). The increase in IBF in groups A and B was, however, not statistically significant either within or between the two groups. However, when groups A and B were combined, the mean difference between IBFi and IBF 2 (A IBF) was 45±112mlmin-1 dl-1 . This increase in IBF after extradural analgesia was significant (P<0.05). In control group C, five of six patients showed a decrease in IBF after Ringer infusion; a large increase of IBF was observed in the other patient in this group. Thus the comparison of the mean change in IBF between extradural and non-extradural groups (A + B = 45±112, C = 31.5±121mlmin-1 dl-1 ) showed no statistically significant difference (P< 0.085). 
DISCUSSION
In measuring the IBF, the diffusion of xenon-133 into the placenta tissue and the fetal circulation was not considered. However, diffusion from the intervillous blood pool is low and does not influence the results (Rekonen et al., 1976) . After the i.v. injection of xenon-133, the bolus reaching the placenta is not an exact delta function, but has a right-skewed distribution with a half-life of 3-5 s. Recirculation of xenon-133 is minimal (A. Hollmen, 1979, personal communication) . These factors have minimal effect on the clearance curve (< 10%). The reproducibility of the i.v. xenon-133 method has been good (Rekonen et al., 1976) . In 24 paired measurements, the correlation between the first and second measurements was significant (r=0.88, P<0.001), and the mean of the differences was 6% with a standard deviation of 13%. The advantages of the i.v. xenon-133 method include ease of performance and adequate reproducibility in consecutive measurements . The radiation dose to the fetus is negligible, being less than 1 mrad (Rekonen et al., 1976 ). The disadvantage is that blood flow is measured within a relatively small area of the placenta, expressed as flow per unit volume of placenta rather than total IBF. Even slight axial rotation of the uterus will alter the area of the placenta being measured. Since IBF is not uniform throughout the placenta , this will introduce errors between repeated measurements. To avoid any axial rotation of the uterus, the mother was maintained in exactly the same position between the two IBF measurements. We also marked the central part of the placenta and placed the scintillation detector carefully over that area, so that the measurement was made in the central part of the placenta which has a greater IBF, by an average of 55%, than the marginal parts (Kuikka etal., 1978) .
The infusion of Ringer lactate 500 ml within 25 min between the measurements of IBFi and IBF 2 as in groups A and B could increase venous pressure, cardiac output and placental blood flow. A reduction in blood viscosity could also increase IBF. To ascertain the effect of a pre-load as used in groups A and B, we measured blood viscosity and IBF immediately before pre-load and after the infusion of Ringer lactate 500 ml (group C). There was a slight but statistically significant decrease in blood viscosity. However, the IBF showed a slightly decreasing trend in five of six patients, although this was not statistically significant.
Extradural analgesia with either chloroprocaine or bupivacaine slightly increased the IBF. There was no significant difference in the effects on intervillous blood flow between these drugs. When the two groups were combined, a statistically significant improvement of IBF during extradural anagelsia was observed. A comparison of these IBF data with our earlier study , in which we used exactly the same technique in a comparable group of patients, shows that an increase of the volume of the local anaesthetic (bupivacaine) from 4 ml to 10 ml nearly doubled the mean percentage increase of IBF (18 ± 28 and 36.4± 18 respectively). It is interesting that we were able to demonstrate the same trend in toxaemic patients, in whom bupivacaine 4 ml improved IBF slightly (30% ± 54), whereas a 10-ml dose led to an increase of 80% (± 82) (Jouppila et al., 1979) . Thus it seems that a more extensive sympathetic block produces a greater improvement in IBF. Janisch and others (1978) , using an i.v. bolus radioisotope technique, also noted an improvement of IBF during extradural analgesia in five toxaemic patients, although their patients were not in labour. They suggested that the improvement in IBF was produced by a reduction in arterial spasm and myometrial relaxation. In the present study, however, we observed no change in the uterine tone. Husemeyer and Crawley (1979) were unable to establish statistically significant changes in IBF during lumbar extradural analgesia. They measured the IBF by the xenon-133 inhalation method. The patient took three slow breaths (30 s) from a reservoir bag which contained xenon-133 2mCi in oxygen 2 litre. The slow inhalation involved with this technique means that the isotope reaches the uterus over a prolonged period, which makes the technique more sensitive to the effects of recirculation than the rapid i.v. bolus injection used in our study. The lower IBF control values in Husemeyer and Crawley's series could be explained partially by the differences in patients (healthy in our series, but high-risk in theirs) and the fact that the absence of preloading led to a significant decrease in mean arterial pressure in their study. A principal difference between the studies is that we performed the measurements during active labour, whereas Husemeyer and Crawley measured the effects of extradural analgesia on IBF before the induction of labour. The studies made before and during active labour indicate that measurements performed between successive uterine contractions generally give greater values for IBF than measurements made before active labour Kaar et al., 1978) . Therefore it is questionable to compare IBF values obtained before and during active labour.
In our study, maternal arterial pressure (uterine perf usion pressure) remained stable, and neither the uterine activity nor the uterine tone (extrinsic myometrial tone) changed significantly during the time taken to perform the two IBF measurements. The improvement in IBF during extradural analgesia is therefore presumably caused by decreased intrinsic vasomotor tone of uteroplacental vessels. The finding that not only pain relief, but a more extensive extradural block is needed for a significant improvement in IBF, suggests that pain relief in itself and its possible inhibitory effects on the release of humoral vasoconstrictive substances (catecholamines) cannot alone explain the increase in IBF. Another factor decreasing the uteroplacental vascular resistance seems to be the sympathetic block caused by extradural analgesia.
2-Chloroprocaine and bupivacaine do not differ in their effects on the IBF. When a 10-ml dose of either drug was used during lumbar extradural analgesia, there was a significant improvement in IBF in healthy parturients. This improvement could be of importance in obstetric high-risk patients, for example toxaemic parturients, in whom IBF is primarily reduced and the oxygen delivery to the fetus compromised. 
SUMARIO
Se estudio el efecto de la analgesia extradural lumbar sobre la corriente sanguinea lntervellosa (IBF) durante el parto de 26 parturientas sanas con las cuales se uso una lnyeccton de tazon i.v de Xenon-133. Hubo una disminucion del 19% (n.s.) del IBF promedio en seis parturientas (grupo de control no-extradural) El IBF promedio aumento en un 37,5% cuando se us<5 10 ml de bupivacaina al 0,25% y en un 35,2% cuando se empleo 10ml de 2-cloroprocaina al 2% (n.s.) Cuando se combin6 a los dos grupos extradurales, la difexencia promedia entre IBFi y IBFj era de 45 ± 112. Este aumento es significante desde el punto de vista estadistico (P<0,05). El mejoramiento del IBF despues del bloqueo extradural se considero como siendo el resultado de una resistencia vascular uterina reducida, puesto que no se observo ningun cambio significante en la presidn arterial, ni tampoco en la actividad uterina o en el tono utenno.
